Perhaps the best-studied example of a disease in which Th1 and Th2 cells dictate the outcome of the infection is cutaneous leishmaniasis induced by Leishmania major. Mice that develop a Th1 response to infection with L. major (e.g., C57BL/6 mice) recover from their infections, whereas mice that develop a Th2 response (e.g., BALB/c mice) succumb to infection (reviewed in references 3, 10, 16, and 18). Among the many regulators of Th development, it has been suggested that interleukin-6 (IL-6) favors the outgrowth of Th2 cells (19) . Several cell types, including macrophages, dendritic cells, and T cells, produce IL-6. Originally thought of as a B-cell growth factor, IL-6 is now known to have effects on several components of the immune system (1, 24) .
Work by Moskowitz et al. (15) showed that C57BL/6 IL-6 Ϫ/Ϫ and wild-type C57BL/6 mice recovered from infections with L. major with the same kinetics. However, since C57BL/6 mice do not develop a Th2 response when infected with L. major, these experiments did not address the question of whether IL-6 is involved in Th2 development against infection with L. major. To address this question, it is necessary to investigate the role of IL-6 in the development of an anti-L. major Th2 response in susceptible BALB mice.
The course of infection with L. major in IL-6 ؊/؊ BALB.B mice does not significantly differ from the course of infection in susceptible wild-type BALB.B mice. In pilot experiments, we determined whether the amounts of IL-6 produced by susceptible and resistant mice differed. We utilized an in vitro priming system, which we have previously reported mimics the in vivo response to L. major (23) . In this system, we found that cells from susceptible mice produced between two-and fourfold more IL-6 than cells from resistant mice.
Because this result suggested that IL-6 secretion correlates with susceptibility to infection with L. major, we hypothesized that IL-6 Ϫ/Ϫ BALB.B mice (6) (4) . Groups of five mice each were infected subcutaneously with 2 ϫ 10 6 L. major promastigotes (LV39) in one hind footpad. The lesion progression and parasite burden were monitored as described elsewhere (11, 23) . Contrary to our hypothesis, the lesion size ( Fig.  1 ) in IL-6 Ϫ/Ϫ BALB.B mice was not significantly different from that seen in wild-type susceptible BALB.B mice (three-way analysis of variance followed by all pairwise multiple-comparison posthoc t tests [Student-Newman-Keuls method]; differences were considered significant at a P of Ͻ0.05). However, the lesion size did not fully reflect the extent of pathology in these experiments. In the three replicate experiments performed, the pathology associated with infection in the IL-6 Ϫ/Ϫ mice was consistently more severe than that in control BALB.B mice. That is, lesions on IL-6 Ϫ/Ϫ mice ulcerated and became necrotic more rapidly (5 to 7 days earlier) than those on control BALB.B mice.
To attempt to confirm the results shown in Fig. 1 , and because lesion pathology and parasite burden within lesions do not always correlate (11), we also determined the numbers of parasites in the lesions of infected BALB.B and IL-6 Ϫ/Ϫ BALB.B mice by using published techniques (11) . IL-6 Ϫ/Ϫ BALB.B mice had somewhat fewer parasites within their lesions at all times tested; however, these differences were not statistically significant (Fig. 1 ). Taken as a whole, the data showed small differences (both positive and negative) between the susceptibilities of IL-6 Ϫ/Ϫ mice and control BALB.B mice to infection with L. major. However, none of these differences was statistically significant.
IL-6 deficiency down regulates the expression of both Th1-and Th2-associated cytokines in BALB.B mice infected with L. major. In an effort to explain the mechanism underlying the lack of effect of IL-6 on susceptibility to infection with L. major, we measured the expression of mRNA for five different cytokines involved in the immune response to the parasite. We measured IL-4 and IL-13 mRNA levels, since these cytokines drive Th2 responses (3, 10, 12, 18) . We measured IL-12 and gamma interferon (IFN-␥) mRNA levels, since these factors are critical for the development of a Th1 response and the subsequent destruction of L. major (3, 10, 18) . Finally, we also measured levels of IL-10 mRNA expression, since IL-10, IL-12, and IFN-␥ cross regulate each other's expression (3, 10, 14, 18, 23) .
Two mice per experimental group were killed, and lesiondraining popliteal and inguinal lymph nodes were removed and processed using published techniques (13) . There was no difference in lymph node size between groups (data not shown). Competitors and primers for mouse ␤-actin, IL-4, IL-10, IL-12, and IFN-␥ were generated according to published procedures (13, 17) . A competitor for mouse IL-13 was constructed in our laboratory by PCR using primers (CGCTGGCGGGTTCTGT GTACTGGATGGAGGCGGATAAAGTTG and GCCTCTC CCCAGCAAAGTCTCTACGATACGGGAGGGCTTACC AT) and the pCRII-TOPO plasmid (Invitrogen Corp., Carlsbad, Calif.) as the template DNA. IL-13 primers (CGCTGG CGGGTTCTGTGTA and GCCTCTCCCCAGCAAAGTCT) and all other primers (13, 17) were purchased from Gibco BRL, Life Technologies, Inc. (Rockville, Md.).
Fluorescent-band intensities were determined as peak heights for each lane of agarose gels using the 1D-Multi function of AlphaEase image analysis software, version 5 (Alpha Innotech, San Leandro, Calif.). The ratio of peak heights for competitor and cDNA bands was plotted against the number of competitor molecules added per reaction on a log-log scale, and the coefficients of a least-squares regression line were calculated using SigmaPlot graphical software version 5 for Windows (SPSS Inc., Chicago, Ill.). The number of specific cDNA molecules per reaction equals antilog (Ϫintercept/ slope).
First, it should be mentioned that baseline and spontaneous production of all cytokines measured did not differ (P Ͼ 0.05) between uninfected control BALB.B and IL-6 Ϫ/Ϫ BALB.B mice except for IFN-␥. Baseline expression of IFN-␥ in IL-6 Ϫ/Ϫ BALB.B mice was 69% of that seen in BALB.B mice (P ϭ 0.047). Therefore, for IFN-␥ mRNA expression, the results are normalized to the average uninfected IFN-␥ levels for each mouse strain.
In Fig. 2 , the data from three replicate experiments have been normalized and are presented as the fold difference of the IL-6 Ϫ/Ϫ group compared to the control. This approach allowed for a statistical analysis of all experiments, and P values are presented in the figure. IL-6 deficiency led to depressed expression of all mRNAs analyzed except that of IFN-␥.
Finally, it should be noted that we also measured IL-6 mRNA expression levels in IL-6 Ϫ/Ϫ and control BALB.B mice and that IL-6 mRNA could not be detected in BALB.B IL-6 Ϫ/Ϫ mice. Our results agree with those of Moskowitz et al. (15), who showed that IL-6 had little effect in resistant C57BL/6 mice infected with L. major. They also agree with those of Saha et al. (20) , who showed that treatment with an anti-IL-6 antibody was therapeutic for susceptible BALB/c mice infected with L. major; however, as was the case in this study using IL-6-deficient mice (Fig. 1) , it did not cause the animals to recover from their infections. Therefore, IL-6 can be involved in the development of a Th2 response in susceptible BALB/c mice infected with L. major; however, IL-6 is not required for the development of that response. Alternatively, since it has been suggested that the Th2 response seen in BALB/c mice infected with L. major results from cross-reactivity with an environmental antigen(s) (5), the results presented here may suggest that IL-6 is not required for the maintenance of a Th2 response to L. major.
It is interesting that in BALB.B IL-6 Ϫ/Ϫ mice infected with L. major, the levels of expression of mRNA for both Th1-and Th2-associated cytokines (except IFN-␥) were reduced (Fig.  2) . This pattern of cytokine response is not unique. For example, IL-6 Ϫ/Ϫ mice have been reported to produce lower levels of IL-4 but unchanged levels of IFN-␥ in other experimental settings (2, 25) . The results presented here are also in partial agreement with those of Saha et al. (20) , who showed that treating BALB/c mice with an anti-IL-6 antibody lowered production of IL-4 (as was the case here [ Fig. 2] ) but increased production of IFN-␥ (while IFN-␥ mRNA expression was unchanged or slightly elevated here [ Fig. 2] ). This discrepancy may be due to the different systems analyzed. Therefore, in the BALB.B IL-6 Ϫ/Ϫ mouse system examined here, IL-6 deficiency appeared to generally lower the set point for the expression of both Th1 and Th2 cytokines but not their overall balance of expression. As a result, BALB.B IL-6 Ϫ/Ϫ mice remained susceptible to infection with L. major.
Others have also reported that IL-6 can affect the development of both type 1 and type 2 immune responses. The literature regarding the effect of IL-6 on the development of immune responses is large; however, representative examples of the diverse effects of IL-6 include the following: (i) IL-6 is required for the development of a Th1 response (26) , (ii) IL-6 is required for the development of a Th2 response (19) , and (iii) IL-6 is required for the development of both a Th1 and Th2 response (21) .
Although IL-6 is not required for the development of either a Th1 or a Th2 response in mice infected with L. major, it can affect the immune responses to other pathogens, albeit variably. IL-6 is not required for the development of a Th2 response in mice infected with Schistosoma mansoni, but it has an important regulatory role (8, 9) . In one study, IL-6 appeared to be critical for the development of resistance of mice to Mycobacterium tuberculosis (an infection in which a type 1 response leads to resistance [7] ), but in another study IL-6 was not essential for the development of immunity to M. tuberculosis (22) . Finally, IL-6 can also compromise the ability of mice to resist viral infection (6) .
In summary, IL-6 deficiency reduces the expression of both Th1-and Th2-associated cytokines in BALB mice infected with L. major, but it does not alter the susceptible phenotype of the mice. Indeed, taking the results presented here in conjunction with the results of others, it appears that the effect that IL-6 may have on the development of either a Th1 or Th2 response cannot be predicted. Rather, each experimental system must be examined on a case-by-case basis.
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